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urrently the implantation of cardioverter-defibrillator (ICD) is the main method of sudden cardiac death preventing. For the effective operation of this type of device, it is extremely important to choose an optimal location for of the ICD defibrillating electrode (DE) in the heart.
To date, DE is most often implanted in the apical or septal position [1] on the basis of electrophysiological criteria, including intraoperative assessment of the of the ventricular signal amplitude (VSA) [2] , the threshold of electrical stimulation (TES) and electrode impedance (EI) [3] .
However, for the patients with coronary artery disease (CAD), these criteria are not ideal, because they do not take into account the presence of the scar and the perfusion disturbances in the place of the electrode implantation, which in the long-term period lead to the TES increasing, inadequate perception of the intracardiac signal, and, as a result, to incorrect shocks from the ICD [4] .
In this regard, it is important to find additional criteria that can determine the most suitable area for DE implantation in patients with CAD.
To date, various ray methods for visualization of ischemic myocardium have been proposed, such as echocardiography, computer and magnetic resonance imaging [5] . However, the most simple and reproducible method for coronary perfusion abnormalities detection is myocardial perfusion scintigraphy [6] . In recent years, the diagnostic usefulness of myocardial scintigraphy with the neurotropic tracer 123I-metaiodobenzylguanidine, which makes it possible to assess the state of myocardial sympathetic innervation, is also actively studied in patients with CAD and implanted ICD, [7, 8, 9] . There is evidence that this radiopharmaceutical (RPH) has a higher sensitivity to myocardial ischemic damage, compared to conventional perfusion radio-diagnostic tools (for example, 99mTc-methoxy-isobutylisonitrile).
In this regard, we assumed that the results of myocardium scintigraphy can serve as an additional criterion for choosing the location of ICD DE in patients with CAD.
The aim of the study was to assess and compare the possibilities of the application of the myocardium scintigraphy with 99mTc-methoxyisobutyl-isonitrile and 123I-metaiodobenzylguanidine for optimization of the choice of the location of the defibrillator electrode in patients with CAD.
Patients and methods. The study included 80 patients (men -68, women -12, mean age 65.0 ± 7.3 years) with CAD, a functional class of angina pectoris from I to III, heart failure from I to III according to the classification of New-York Heart Association, which had indications for implantation of the ICD. Clinical characteristics of patients are presented in Table 1 . All patients before the implantation of the device were examined with standard diagnostic methods. Then the patients were divided into 3 groups that were comparable in terms of clinical characteristics.
The first group consisted of 26 patients (23 men, women-3, average age 62.8 ± 8.0 years) to whom additionally single-photon emission computed tomography of the heart (SPECT) with 99mTc-methoxy-isobutyl-isonitrile (99mTc-MIBI ("Technetril, 99mTc", OJSC "Diamed", Russia)) at rest was performed. In this group, ICD implantation was performed taking into account the results of the SPECT with 99mTc-MIBI.
The second group consisted of 27 patients (23 men, 4 women, average age 65.5 ± 8.3 years) who, in addition to standard diagnostic procedures, underwent the myocardium scintigraphy with 123I-methaiodobenzylguanidine (123I-MIBG) and ICD implantation was performed with taking into account the results (delayed scans) of this study.
The third group consisted of 27 patients (men -22, women -5, average age 67.2 ± 6.4 years), to whom ICD was implanted only on the basis of generally accepted electrophysiological criteria: TES 1.0 V or less, VSA 5.0 mV and more [2, 3] .
The myocardium perfusion scintigraphy was performed at rest in the SPECT mode, in accordance with the current recommendations of the European Society of Nuclear Medicine [6] mators into a 64x64 pixel matrix. The assessment myocardium perfusion was performed with the help of the QPS program (Cedars Sinai Medical Center, USA), with the construction of a 20 segment polar map of the left ventricle (LV) of the ''bull eye'' type.
The analysis of regional myocardial perfusion defects in each segment was performed on a 5-point scale (from 0 to 4) and the overall index of summed rest score (SRS%) was calculated as the sum of scores in the hypoperfused segments, expressed as a percentage of the maximum possible score in all 20 segments of the polar map (80 points) of the myocardium.
Since DE was implanted through the right ventricle, myocardial perfusion defects the in the apical and septal segments, which are joint to the left and right ventricles were assessed separately according to 5-point scale (from 0 to 4)), and these results were included in the subsequent analysis. A detailed evaluation of perfusion abnormalities in other LV areas was not performed.
Myocardium scintigraphy with 123I-MIBG was performed at both planar and SPECT modes at 20 min (early study) and 4 hours after injection (delayed study) of 111-370 MBq of the RPH. All patients underwent thyroid blockade using Lugol's solution for 3 days before the study and 3 days after the study with 123I-MIBG (5 drops of Lugol's solution 3 times a day). The total sympathetic activity of the myocardium was assessed on planar images using the washout rate of the index (WR) and the heart / mediastinum index for early (H / Me) and delayed (H / Md) scintigrams [9] . The processing of SPECT images was performed using the QPS program (Cedars Sinai Medical Center, USA), with the construction of a 20 segment polar map of the left ventricle (LV) of the ''bull's eye'' type. Regional sympathetic activity was assessed visually on using the short axis slices of the heart. The depth of the accumulation defects of the RPH was assessed using 5 score scale (from 0 to 4) with calculation of the summed 123I-MIBG scorer indexes at early (SMSe%) and delayed (SMSd%) images [9] . 123I-MIBG defects the in the apical and septal segments were assessed separately according to 5-point scale (from 0 to 4)), and these results were included in the subsequent analysis. A detailed evaluation of RPH uptake defects in other LV areas was not performed.
In the 1st and 2nd groups ICD implantation was performed under fluoroscopic control, with DE active fixation in the right ventricular as follows: in septal position -in the presence of perfusion defects or delayed accumulation of 123I-MIBG in the apical segments; in the apical position -if perfusion or delayed 123I-MIBG defects were in septal segments.
In cases of combined ischemic injury of the septal and apical segments, the electrode was placed in the region of the smallest damage, determined by a 5-point scintigraphic scale. In the absence of scintigraphic signs of myocardial perfusion disturbance or accumulation of 123I-MIBG, DE implantation was performed on the basis of conventional electrophysiological criteria [2, 3] . To verify the DE contact with endomiocardium, an intermediate evaluation of a 1.0-volt TES and an VSA of more than 5.0 mV was performed using a Medtronic analyzer (USA).
In the third group, DE with active fixation was conducted into the cavity of the right ventricle and the area of it location was chosen depending on the electrophysiological indices [2, 3] .
In all patients a checking of the DE parameters, such as TES, VSA, the electrode (EI) and the shock impedance (SHI) was performed on the 1st, 7th and 31st days after the ICD implantation. These parameters were compared between 1 and 3, as well as 2 and 3 groups.
Statistical analysis of the results was performed using the Statistica 10.0 software package. To assess the normality of the data distribution, the Kolmagorov-Smirnov test was used. The arithmetic mean (M), standard deviation (SD) were calculated. The Mann-Whitney test for independent samples and Wilcoxon for bound samples was used for groups comparing. The correlation analysis was performed using the Spearman nonparametric rank coefficient.
The study was carried out in accordance with the standards of good clinical practice (Good Clinical Practice) and the principles of the Helsinki Declaration. The study protocol was approved by the ethical committee of the Institute of Cardiology. Written informed consent was obtained from all patients.
Results. Myocardial perfusion defects were diagnosed in 19 (73.1%) patients of the 1st group, with an average SRS of 23.55 ± 14.87%. The combined ischemic injury of the septal and apical regions of the LV was detected in 16 of 19 patients (84.2%). Among them, the predominant ischemia of the septal region was noted in 6 (37.5%) patients: the number of affected segments was 2.67 ± 1.75 (min 2, max 6), the degree of damage was 5.0 ± 4.98 points (min 2 , max 17), and the predominant ischemia of the apex -in 10 (62.5%) of the examined persons: the number of affected segments is 2.0 ± 0 (min 2, max 2), the degree of damage is 6.0 ± 2.46 points (min 2, max 8). Perfusion defects in the septal region (1 point, 1 segment) in combination with other LV areas (except apex) were foundin 2 (12.5%), in the apex (1 point, 1 segment) ) in combination with other LV areas (except septum) -in 1 patient (6.25%) . In 14 (54%) patients of this group, DE was implanted in the apical position, and in 12 (46%) -in septal.
In the second group, defects of 123I-MIBG Defects in septal segments of the left ventricle were found in 20 patients (74.07%), in the apical segments -in 21 of 27 patients (77.78%). The combined damage of these areas was revealed in 17 (62.96%) of the examined subjects: the preferential defects in the septal region -in 11 (64.71%) (7.0 ± 5.19 points (min 2, max 12) on delayed images, 5 , 5 ± 4,14 (min 2, max 10) -in the early ones), the preferential defects in the apex -in 6 (35.29%) patients (5.2 ± 2.66 points (min 1, max 8) on delayed images , 4.37 ± 2.83 points (min 1, max 8) -on the early). In 15 patients (55%) DE was implanted into the apical position, 12 (45%) -into the septal.
The results of the electrophysiological examination of patients of all three groups on the 1st, 7th and 31st days after the operation are presented in Tables 2-4 . Thus, between 1 and 3 groups, at all terms, significant differences were found in the majority of the electrophysiological parameters. At the same time, there were no significant differences between groups 2 and 3 on studied electrophysiological parameters.
A month later, when checking the parameters of the ICD in the first group of patient device triggers, dislocations, electrode damage, disturbance of detection, unmotivated shocks were not registered. In 13 patients, paroxysms of unstable ventricular tachycardia were documented, stopping spontaneously. In patients who were implanted DE in the apical position, the degree of perfusion disorder in the septal segment (the number of scores) closely correlated with the TES at the 1st (p <0.05, R = 0.725), 7th (p <0.05, R = 0.805) and the 31st day (p <0.05, R = 0.922). In the same group, in patients to whom DE was implanted into the septal position, the degree of perfusion disorder in the apical segment correlated with the TES at the 7th (p <0.05, R = 0.660) and 31-st (for p <0, 05 R = 0.843) day. A clinical example and scintigrams are shown in Fig. 1 .
In the second group, a month after device implantation, no DE dislocations, electrode damage, detection disturbances, unmotivated shocks were observed. In 14 patients, paroxysms of unstable ventricular tachycardia stopping spontaneously were documented. In patients to whom DE was implanted into the apical position, the severity of 123I-MIBG accumulation defects in the septal segment (the number of scores) correlated with the VSA at the first day (at p <0.05 R = 0.523) after operation. However, in the same group, in patients with DE, implanted into the septal position, there were no significant correlations between the electrophysiological indices and the severity of RPH accumulation defects. A clinical example and scintigrams are shown in Fig. 2 .
The scheduled checking of the ICD parameters in the third group revealed unmotivated shocks associated with a low amplitude of the VSA in 2 patients. Dislocations, to the electrode were also not observed. In 5 patients, paroxysms of unstable ventricular tachycardia which stopped spontaneously were registered.
Discussion.
Optimization of the choice of the DE location in patients with CAD is an actual problem, because generally accepted for this purpose criteria based on the determination of TES, the VSA and EI, do not take into account the severity of the perfusion disorder in the most frequently used for DE implantation right ventricular regions -the septal and apical segments [ 1] . In clinical practice, a visual determination of the ischemic myocardium size is performed using echocardiography by the assessment of number of hypo-and akinetic segments. However, this method is operatordependent. Visualization of scar in the heart muscle is also possible with the use of computed tomography and magnetic resonance imaging [5] . The use of this method, despite its high accuracy and informativeness, is limited by the high cost and complexity of cardiac protocols. Myocardium perfusion scintigraphy remains the most simple and reproducible method [6, 10] for ischemic tissue detecting, allowing quantitative assessment of perfusion disorders. We hypothesized that in patients with CAD and ICD such indexes as TES, the VSA and EI depends on the severity of ischemic damage to the heart muscle, and the results of myocardium scintigraphy can serve as an additional criterion for choosing the region for DE implantation.
In order to confirm or disprove this hypothesis, we compared the main electrophysiological parameters of DE (TES, VSA, EI and SHI), in patients to whom DE was implanted using the results of the myocardium scintography with 99mTc-MIBI or ¹²³I-MIBG, and without their use, and also investigated the correlation between scintigraphic and electrophysiological indices.
The results of the analysis showed a much higher efficiency of ICD implantation among patients in whom the choice of the DE location was optimized in accordance with the data of the myocardium SPECT with 99mTc-MIBI. We found significant differences between the groups for TES and the VSA on the first, seventh and 31st days after operation. In addition, a close direct correlation was established between the degree of perfusion defects in septal segments (in points) and TES for the first, seventh and 31st days. Also, a direct correlation was found between the degree of Пациент Д. 58 лет, имеющий показания для имплантации ИКД. Имеет место гипо-аперфузия верхушки, апи-кальных отделов задней и боковой области левого желудочка (ЛЖ), а также гипоперфузия средних и базальных отделов задней и боковой стенки ЛЖ (SRS=38%). Минимальные изменения в области перегородки (SS=2), аперфузия верхушки (SS=8), в связи с чем, дефибриллирующий электрод ИКД установлен в септальную пози-цию правого желудочка. Через месяц при проверке параметров срабатываний устройства, дислокаций, по-вреждения электрода, нарушения детекции, немотивированных шоков не наблюдалось. Patient M. 71 years of old, having indications for ICD implantation. On planar early images, the heart / mediastinum = 1.73, on the delayed heart / mediastinum = 1.64; the washout rate of the radiopharmaceutical WR = 22.3. In early and delayed SPECT scans there is deep defect of RPH accumulation in the apex, as well as in the posterior and lateral walls of the left ventricle (LV), (SMSe = 44%, SMSd = 45%). Minimal changes in the area of the septum (SSd = 2), aperfusion of the apex (SSd = 6). In this connection defibrillating electrode of the ICD is placed into the septal position of the right ventricle. A month later, when checking the parameters of device, no dislocations, electrode damage, detection failure, unmotivated shocks were observed.
Рис. 2. Сцинтиграфия миокарда с 99mТс-МИБГ.
Пациент М. 71 лет, имеющий показания для имплантации ИКД. На планарных ранних изображениях коэффи-циент сердце/средостение = 1.73, на отсроченных сердце/средостение = 1.64; скорость вымывания радио-фармпрепарата WR=22,3. На ранних и отсроченных томосцинтиграммах имеет место дефект аккумуляции радиофармпрепарата в области верхушки, а также задней и боковой стенки левого желудочка (ЛЖ), (SMSe=44%, SMSd=45%). Минимальные изменения в области перегородки (SSd=2), аперфузия верхушки (SSd=6), в связи с чем, дефибриллирующий электрод ИКД установлен в септальную позицию правого желудоч-ка. Через месяц при проверке параметров срабатываний устройства, дислокаций, повреждения электрода, нарушения детекции, немотивированных шоков не наблюдалось. perfusion defects in the apical segments and TES on the seventh and 31st days. These data indicate the possibility of using the results of the myocardium perfusion scintigraphy as one of the criteria for choosing the location of the DE implantation in patients with CAD. At the same time, the benefits of using the data on regional sympathetic innervation of the myocardium for choosing the location of DE according to the results of scintigraphy with 123I-MIBG were not revealed. In particular, there was no significant differences for the electrophysiological indices at any term after the operation with the group of patients to whom DE was implanted in accordance with generally accepted criteria. There were also no significant correlations between the degree of the RPH defects in the septal or apical regions of the left ventricle with the electrophysiological indices of the effectiveness of the DE implantation.
The myocardium scintigraphy with 123I-MIBG in recent years have become very widespread, due to the proved fact of its diagnostic value in predicting cardiac death, progression of heart failure, the occurrence of life-threatening arrhythmias in patients with heart failure [11] . It is believed that the nervous tissue of the heart is more sensitive to ischemia than the muscular tissue, so the defects of accumulation of 123I-MIBG in patients with CAD are larger in size compared with the defects of accumulation of perfusion radiopharmaceuticals [12] . According to the literature, the most informative index of myocardial scintigraphy with 123I-MIBG is the ratio "heart/mediastinum", calculated from the zones of interest on planar delayed images of the heart [9] .
It is also assumed that this method plays a positive role in the selection of patients for the cardioresynchronizing and ICD therapy [13] . In a number of studies, the higher significance of SPECT with 123I-MIBG was shown in comparison with myocardial perfusion scintigraphy in the prognosis of motivated shocks of ICD, implanted for primary prevention of sudden cardiac death [11] .
In the presented study, on the contrary, the SPECT with 99mTc-MIBI performed at rest had clear advantages over neurotropic scintigraphy, in terms of determining the optimal myocardium area for the DE of ICD implantation in CAD patients. This is apparently due to the fact that 123I-MIBG allows you to visualize zones with impaired innervation, in which, however, viable tissue may be present. Probably, in terms of determining the success of implantation of DE, more important are not the initial manifestations of ischemia, but the severity of fibrous changes in myocardial tissue, clearly diagnosed by perfusion scintigraphy of the myocardium. We didn't find similar studies published in the available literature. In our opinion, the closest in fact are scientific works in which the prognostic value of myocardium perfusion scintigraphy for the effectiveness of cardiac resynchronization therapy predicting in patients with chronic heart failure and LV dysfunction was studied [14, 15, 16] . The authors Sommer A. et al. in 2016 [16] , showed the effectiveness of using the results of multimodal imaging methods, including myocardium perfusion scintigraphy, for choice of the location of the left ventricular electrode of a cardiac resynchronization device.
Conclusion.
The results of our study indicate that the myocardial SPECT with 99mTc-MIBI with detailed evaluation of perfusion in the apical and septal ventricular segments allows optimizing the choice of the site of DE implantation, which minimizes the violation of detection and the number of unmotivated ICD shocks in patients with CAD.
At the same time, the use of the results of myocardial scintigraphy with 123I-MIBG to select the area of DE implantation of failed to achieve a significant improvement in electrophysiological indices in the studied category of patients.
Источник финансирования и конфликт интересов.
Авторы данной статьи подтвердили отсут-ствие финансовой поддержки исследования и конфликта интересов, о которых необходимо сообщить. 
